Purpose Limited evidence is available to explain the role of four components of health-related quality of life (HRQoL) on breast and cervical cancer screening. The objective of this study was to determine the relationship between four HRQoL aspects and use of mammography and Pap test screening in US women. Methods Data were obtained from the 2012 Behavioral Risk Factor Surveillance System (BRFSS). The outcome variables were receiving mammogram \2 versus C2 years in women aged 50-74 years, and receiving Pap test \3 versus C3 years in women aged 18-64 years. Eight logistic regression models were conducted to test the role of four HRQoL aspects (general health status, physical HRQoL, mental HRQoL, and activity limitation) on the two screening variables, after adjusting for covariates. Statistical analysis accounted for the complex sampling design of the BRFSS, and the a priori alpha error was set at p B 0.05. 
Introduction
Breast and cervical cancer are two most commonly diagnosed cancers for women in the USA [1, 2] . According to the American Cancer Society, the estimates of diagnosed invasive breast and cervical cancers in the USA in 2014 were 232,670 and 12,360, respectively [2] . The estimates of breast and cervical cancer deaths in the USA in 2014 were 40,000 and 4020, respectively [2] . In addition to morbidity and mortality, the economic burden associated with breast and cervical cancers is significant. Medical and loss of productivity costs associated with breast cancer were estimated to be $16.5 billion and $12.1 billion, respectively; costs of productivity loss associated with cervical cancer were estimated between $300 and $400 million [3, 4] .
Regular mammography and Pap tests are effective screening methods of early diagnosis for breast cancer and cervical cancer, respectively [2, [5] [6] [7] . These screening approaches have shown to be more cost-effective than no screening [8, 9] . The US Preventive Services Task Force (USPSTF) recommends that women between 50 and 74 years of age should receive mammography screenings every 2 years, while those between 21 and 65 years of age should receive a Pap smear every 3 years [10] . The 2010 National Health Interview Survey reported that 72. 4 and 83 % of the women received mammography within the previous 2 years and Pap test within the previous 3 years, respectively. However, these rates were significantly lower than the Healthy People 2020's target of 81.1 and 93 % for mammography use and Pap test screening, respectively [10, 11] . It is important to identify the factors that influence adherence to breast and cervical cancer screening.
Previous studies have identified several factors of adherence to breast and cervical cancer screening, including age, race, socioeconomic status, marital status, access to health care, health insurance or primary care physician, and engagement in healthy lifestyle [1, 5, 7, 10, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . Several studies have also investigated the association between health status such as chronic conditions, activity limitations, or perceived general health status, and breast and cervical cancer screening [1, 6, 7, 12, 13, 15, 16, 24, 25, [31] [32] [33] . Few studies have found that women with poor perceived general health status were less likely to be adherent [5, 12, 24, 25, 33] , others have found no association [6, 7, 15, 18, 32] , whereas some report that women with good or excellent health status were less likely to receive a mammogram or Pap test [16] . A plausible explanation for the lack of consistent findings is the inclusion of different study samples/populations, various study designs, and heterogeneous covariates (such as health status indicators) for statistical analyses. Although these studies demonstrate the relationship of only one concept of HRQoL, i.e., general health status, on breast and cervical cancer screening, to the best of our knowledge, no study has investigated the effects of all four aspects of health-related quality of life (HRQoL) (general health status, physical HRQoL, mental HRQoL, and activity limitation caused by poor mental or physical HRQoL) on breast and cervical cancer screening.
HRQoL is defined as a multidimensional concept that measures self-perceptions of physical and mental health and functioning [34] . HRQoL is a stronger predictor of future disability, morbidity, and mortality compared with several objective measures of health [34] . The Centers for Disease Control and Prevention (CDC) has developed a core set of indicators (HRQoL-4) to measure four aspects of HRQoL. Since 1993, HRQoL-4 has been included in the state-based Behavioral Risk Factor Surveillance System (BRFSS) survey. HRQoL data are useful to identify health disparities, evaluate burden associated with disease and disability, and track unmet health needs and health services [35, 36] . However, previous studies have used only perceived general health status as a proxy indicator of HRQoL to predict use of mammography and Pap test screening [5-7, 12, 15, 16, 18, 24, 25, 32, 33] .
The objective of this cross-sectional study was to investigate the influence of four aspects of HRQoL (general health status, physical HRQoL, mental HRQoL, and activity limitation caused by poor mental or physical HRQoL) on the use of mammography in women 50-74 years of age and Pap test screening in women 18-64 years of age using BRFSS, a nationally representative dataset. We hypothesized a priori that women reporting better HRQoL would be more likely to participate in mammography and Pap test screening for breast and cervical cancer, respectively. This is an important issue to address because we believe screening will result in more beneficial than harmful health outcomes, and we are searching the factors that can contribute to the compliance with breast and cervical cancer screening.
Methods

Study dataset: BRFSS survey
This cross-sectional study analyzed data from the 2012 BRFSS survey, which is a collaborative project between the CDC and individual states and territories of the USA. The purpose of the BRFSS is to collect data on health risk behaviors, preventive health practices, and healthcare access related to chronic diseases and injuries among a probability sample of noninstitutionalized, adult (C18 years) population and older living in households. BRFSS is the world's largest telephone survey, with more than 400,000 interviews in 2012. Since 2011, BRFSS collects aggregate information using both landline telephone-and cell phone-based surveys. To allow for generalization of the findings to the national population, BRFSS utilizes iterative proportional fitting weighting methodology to weight the data [37] . Since BRFSS dataset is publically available and includes no personally identifying information, this study was exempt from review by the South College Institutional Review Board.
Variables
Outcome variable: use of mammography and Pap test
The outcome variables utilized in this study were self-reported use of mammography for breast cancer and Pap test for cervical cancer. The time interval for mammography and Pap test were consistent with the recommended guidelines outlined by the USPSTF [38] . Women were considered as adherent to mammography screening if they were 50-74 years of age and reported use of a mammogram in the previous 2 years. Women were considered as adherent to Pap test if they were 21-65 years of age and reported use of Pap test within the previous 3 years. Consistent with previous studies, since respondents were not asked for the first time when they had intercourse, women aged 18-20 were also included in the analyses for Pap test [7, 14, 24] . To investigate the factors associated with breast and cervical cancer screening, respectively, two separate dichotomous variables were created to indicate the use of mammography and Pap test screening. For the outcome of receiving a mammogram, participants were classified by receiving mammography screening \2 years versus receiving it C2 years (excluding never). For the outcome of receiving Pap test, participants were classified by receiving Pap test \3 years versus receiving it C3 years (excluding never). In other words, we were investigating factors related to 'on-time screening' compared with 'delayed screening. ' We excluded those who never received mammography or Pap test screening since the mechanisms and factors influencing those never receiving screening differ than those having received screening [39, 40] . Women diagnosed with any form of cancer were excluded from the analyses, and only women who reported not having a hysterectomy were included in the Pap test analyses [7] . Figures 1 and 2 present the inclusion and exclusion criteria for self-reported mammography and Pap test use, respectively.
Independent variables
Primary independent variable: HRQoL
The four HRQoL variables related to general health status, physical HRQoL (physically unhealthy days), mental HRQoL (mentally unhealthy days), and activity limitation due to poor physical or mental HRQoL were included in this study. The four variables have demonstrated satisfied reliability and validity for measuring HRQoL in healthy and disabled populations [35, 41, 42] . The specific questions asking four aspects of HRQoL were: ''Would you say that in general your health is excellent, very good, good, fair, or poor?'' (general health status); ''Now thinking about your physical health, which includes physical illness and injury, for how many days during the past 30 days was your physical health not good?'' (physical HRQoL/physically unhealthy days); ''Now thinking about your mental health, which includes stress, depression, and problems with emotions, for how many days during the past 30 days was your mental health not good?'' (mental HRQoL/mentally unhealthy days); ''During the past 30 days, for about how many days did poor physical or mental health keep you from doing your usual activities, such as self-care, work, or recreation?'' (activity limitation due to poor physical or mental HRQoL). Consistent with previous studies, the four HRQoL variables were categorized as dichotomous variables for the purpose of statistical analyses [41, 43, 44] . General health status was dichotomized into adults with good or better health (consisting of responses of excellent, very good, and good health) and fair or poor health (consisting of responses of fair or poor health). Physical HRQoL, mental HRQoL, and activity limitation due to poor physical or mental HRQoL were dichotomized as \14 days compared to C14 days [41, 44] .
Other covariates
Several demographic, socioeconomic, lifestyle, and healthcare access variables that may confound the association of HRQoL with mammography and Pap test were taken into account in this study. 
Statistical analysis
Descriptive statistics (unweighted frequencies and weighted percentages) and Pearson's Chi-square statistics for associations among demographic, socioeconomic, health-related and HRQoL variables with use of mammography and Pap test were presented (Tables 1 and 2 , respectively). Consistent with previous approach, the four HRQoL variables [general health status (Model 1), physical HRQoL (Model 2), mental HRQoL (Model 3), and activity limitation due to poor mental or physical HRQoL (Model 4)] were fitted separately in logistic regression models [41] . Given the focus of four HRQoL variables and two dependent variables (use of mammography and Pap test), a total of eight multivariate logistic regression analyses were performed, adjusting for other covariates in each model. Adjusted odds ratios (ORs) and 95 % confidence intervals (CIs) based on logistic regression analyses were reported. Statistical analysis was conducted using SAS version 9.3 (SAS Institute, Cary, NC) [45] , which specifically accounted for the complex sampling design of the BRFSS survey, and the a priori alpha error was set at p B 0.05.
Results
The 2012 BRFSS data consisted of 475,687 US adults. Of these, 140,704 women aged 50-74 years and 148,954 women aged 18-64 years were included in the mammography and Pap test analyses, respectively (Figs. 1 and 2). Tables 1 and 2 demonstrates the descriptive statistics and bivariate associations between demographic and healthrelated characteristics and receipt of mammography and Pap test screening in women aged 50-74 years and 18-64 years, respectively. An estimated 73.94 % of the study sample reported receiving mammogram within the previous 2 years, whereas 77.71 % of the study sample reported receiving Pap test within the previous 3 years.
Predictors of mammography use within the previous 2 years Women 65-69 and 70-74 years old had lower odds of receiving mammography than women 50-54 years old, and non-Hispanic black and Hispanic women had a greater likelihood to receive mammography than non-Hispanic white women; these findings were consistently observed across the four models. All four models showed that N (%) unweighted frequencies and percentages, Wt weighted, BMI body mass index a All associations were found to be statistically significant at p \ 0.0001 women with an annual household income level between $25,000 and $34,999, $35,000 and $49,999, and C$50,000 were more likely to receive mammography compared with those with an income level\$15,000. Consistent across the four models, women with a routine checkup within the previous 1 year were 3.6 times more likely to receive mammography compared with those who never had a routine checkup. The odds of receiving mammography for women with access to a personal doctor or healthcare provider were approximately 2.3 times the odds of those without access to a personal doctor or healthcare provider.
Last, women with health insurance were 2.1 times more likely than those without any health insurance to receive mammography. Other covariates influencing the likelihood of receiving mammography within the previous 2 years are presented in Table 3 .
Predictors of Pap test use within the previous 3 years Table 4 presents the adjusted ORs and 95 % CIs based on four logistic regression analyses (Models 1-4) examining N (%) unweighted frequencies and percentages, Wt weighted, BMI body mass index a All associations were found to be statistically significant at p \ 0.0001 Table 4 .
Discussion
Evidence suggests that adherence to mammography and Pap test screening is associated with early detection and mortality reduction for breast and cervical cancers, respectively [2, [5] [6] [7] . The primary purpose of this study was to identify the factors contributing to the use of mammography and Pap test based on cross-sectional dataset from 2012 BRFSS. We found approximately one out of four American women did not receive screening for either breast or cervical cancer. With the exception of the relationship between mental HRQoL and mammography and between mental HRQoL and activity limitation and Pap test screening, women with better HRQoL were significantly more likely to receive mammography or Pap test screening; the other three relationships were found to be not statistically significant. Importantly, two aspects of HRQoL, (general health status and physical HRQoL) alongside sociodemographic, lifestyle, and accessibility to healthcare factors were consistently associated with the use of mammography within the previous 2 years and Pap test within the previous 3 years. These findings were replicated in the unadjusted models (results available upon request) and the adjusted models that controlled for confounders. Previous studies have often used a single HRQoL item (typically general health status) to investigate the association with breast and cervical cancer screening [5-7, 12, 15, 16, 18, 24, 25, 32, 33] . The present study fills in the gap by examining the influence of four aspects of HRQoL (general health status, physical HRQoL, mental HRQoL, and activity limitations due to poor physical and mental HRQoL) on the use of mammography and Pap test. We found that women reporting good or better general health status were more likely to receive mammogram and Pap tests. This finding is in line with several previous studies [5, 12, 24, 25, 33] but contradict with other studies that found negative or no association [6, 7, 15, 16, 18, 32] . The need to include all four aspects of HRQoL when investigating the association with use of cancer screening has previously been noted [41, 46] . The measure of four aspects of HRQOL provides unique information and demonstrates acceptable reliability and validity in persons with and without disability [47] .
Our findings indicate that women reporting \14 physically unhealthy days were more likely to receive mammography and Pap test, whereas women reporting \14 days with activity limitation were more likely to receive mammography. In this regard, the function of different aspects of HRQoL on the receipt of cancer screening may not be equal or through the same mechanisms [12] . Women who perceived better general health status and better physical HRQoL may be motivated for cancer screening and potentially have a greater sense to engage in preventive health behaviors. This finding is counterintuitive to the Health Belief Model which assumes that the perceived risk of health (or perceived susceptibility to a certain illness/disease) will lead an individual to take positive/optimal health behaviors such as cancer screening. In contrast, this study found that individuals reporting their health as good or better were more likely to take responsibility for their health and have a greater likelihood to participate in health screening than those reporting their health as suboptimal [48, 49] .
Evidence suggests that socioeconomic determinants significantly influence breast and cervical cancer screening [7, 50] . In this study, we found that annual household income level was an inconsistent predictor for use of mammography and Pap test. For instance, women with annual household income levels between $25,000 and $34,999, $35,000 and $49,999, and C$50,000 were more likely to receive mammography compared with those with income level \$15,000 whereas, women with income levels $15,000-$24,999 were more likely to receive Pap test relative to those with income level \$15,000. Not surprisingly, women who graduated from college or technical school were more likely to receive mammography and Pap test than those who did not graduate high school. Higher annual household income levels may be associated with higher education and greater access to health care and communication with the healthcare providers, which in turn increase the likelihood of being aware of the benefits associated with cancer screening [50] . Future studies should compare the influence of HRQoL variables between groups receiving mammography and Pap test screening.
Although the mechanisms between HRQoL and women cancer screening are still unclear, it is possible that women with better HRQoL may possess the characteristics of optimistic personality and greater self-efficacy that will encourage the engagement in healthy behaviors [48, 51, 52] . Such health-promoting and preventive health behaviors might lead to increased participation in screening activities for breast and cervical cancer [53] . It seems appropriate that interventions targeted at improving HRQoL will increase the likelihood of receiving cancer screening in women, especially since our findings demonstrated that women with better HRQoL were more likely to engage in screening behaviors. Indeed, our and previous studies have shown the positive associations of health behaviors such as non-smoking, regular checkups, healthcare access, seat belt and flu shot use, participation in regular physical activity or exercise, and health status with the use of mammography and Pap test [5, 12, 24, 25, 33, 48] . Adjusting for health behaviors as covariates in the analyses did not change the significance in the association of HRQoL with the use of mammography and Pap test. It is likely that these factors may directly or indirectly influence healthy behaviors and the use of cancer screening. Given the nature of a crosssectional design of this study, future longitudinal research should explore the complex mechanisms of these factors on the use of mammography and Pap test.
The study findings have important public health and policy implications. Because physicians play an essential role in educating and referring patients for cancer screening, it is important to help physicians increase adherence to cancer screening guidelines by using HRQoL assessment as an avenue to identify and overcome barriers of mammography and Pap test [54] . HRQoL is an important indicator for evaluating effectiveness of different treatment regimens, but also a useful indicator to assess health surveillance and monitor health outcomes [34, 35] . Per CDC HRQoL-4 recommendations, a 14-day cutoff point is considered meaningful health outcome indicator [41, 44] ; therefore, physicians are encouraged to use this indicator in medical practice and research. In addition to sociodemographic variables [7, [12] [13] [14] [15] [16] 50] , policymakers and healthcare professionals can target women with lower HRQoL for increasing the national breast and cervical cancer screening rates. Future studies should evaluate the effectiveness of programs and health awareness campaigns that draw attention to the benefits of mammography and Pap test screening among women reporting lower HRQoL.
Several limitations should be noted when interpreting the study findings. First, the cross-sectional study design makes it improper to infer a causal linkage between HRQoL and use of mammography and Pap test. It is plausible that women have a better HRQoL because they received screening and knew they were healthy compared with their counterparts. Second, we were unable to distinguish women that received mammogram or Pap tests for screening or diagnostic purpose. However, women diagnosed with any form of cancer were excluded from the analyses and women who had a hysterectomy were also excluded from the analysis for use of Pap test. Third, data for use of mammogram and Pap tests were self-reported. Although evidence suggests lower reliability and measurement error due to self-reports when compared to medical records, self-reported data from nationally representative datasets such as BRFSS have been used in conducting research related to preventive health practices and examining progress toward achieving public health objectives [13, 14, 24] . Fourth, we excluded those who responded never receiving screening from both the mammography and Pap test analyses. Future studies should conduct separate analyses to investigate whether factors influencing those never receiving screening would differ than those receiving screenings\2 years or those receiving it C2 years. Finally, self-reported survey data can be subject to the 'Guideline Boundary Effect' (GBE). With GBE, substantial numbers of screening tests are reported after the particular time boundary indicated by various screening frequency guidelines. For instance, it is plausible that women may have reported receiving mammography and Pap test screening after the time boundary of 2 and 3 years, respectively, that are recommended by the screening frequency guidelines [55] .
In summary, findings from this study indicate that HRQoL is an important factor associated with the use of mammography and Pap test. Our findings demonstrated that women with better HRQoL (especially, general health status, and physical HRQoL) were more likely to receive mammography or Pap test screening. We also found that women reporting lower activity limitation (i.e., better HRQoL) were more likely to receive mammography. Future research of longitudinal data is encouraged to investigate potential factors and mechanisms to explain the association between different aspects of HRQoL and use of mammogram and Pap test in women.
